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$%675$&7
1RZDGD\V WKHUPDO HQYLURQPHQWDO
SHUIRUPDQFH RI EXLOGLQJV DQG V\VWHPV DUH
LQYHVWLJDWHG PDLQO\ WKURXJK EXLOGLQJ VLPXODWLRQ
VRIWZDUH7KHSUHGLFWLRQRIWKHEXLOGLQJSHUIRUPDQFH
UHTXLUHV DQ XSGDWHG ORQJWHUP ZHDWKHU GDWDEDVH E\
WKH JHQHUDWLRQ RI D FRPSUHKHQVLYH GDWDEDVH VR
FDOOHG 7\SLFDO 0HWHRURORJLFDO <HDU 70<
+RZHYHUWKHPDMRULW\RIPHWKRGVDQGVWXGLHVRQWKH
JHQHUDWLRQ RI 70< DUH HPSOR\LQJ WKH GHIDXOW
ZHLJKWLQJ LQGLFHV UHVXOWLQJ LQ D JDS RI EDVLV RI
DVVLJQHG IDFWRU IRU PHWHRURORJLFDO SDUDPHWHUV ,Q
HVVHQFH WKLV SDSHU LQYHVWLJDWHV WKH LPSDFW RI
ZHLJKWLQJIDFWRUDQGFOLPDWRORJLFDOYDULDEOHVRQWKH
LPSOHPHQWDWLRQ RI 70< LQ SDUWLFXODU VLPXODWLRQ
VWXGLHV $ VWDWLVWLFDO DQDO\VLV KDV EHHQ FDUULHG RXW
DQG WKH UHVXOWV VKRZ WKDW IRU VRODU DSSOLFDWLRQV WKH
70< PDLQO\ GULYHQ E\ WKH JOREDO UDGLDWLRQ
GHPRQVWUDWH WKHEHVWSHUIRUPDQFH6LPLODUO\ IRU WKH
VLPXODWLRQ FDVH RI D ZLQG WXUELQH WKH EHVW
SHUIRUPDQFH DFKLHYHG E\ WKH 70< EDVHG RQ WKH
ZLQG SURILOH 7KH FRROLQJ DQG KHDWLQJ PRGH RI D
EXLOGLQJDUHEHWWHUGHVFULEHGE\WKHZHDWKHUGDWDVHW
WKDW LV LQIOXHQFHG IURP DOO WKH PHWHRURORJLFDO
SDUDPHWHUV7KHUHE\RQHQKDQFLQJWKHSUHFLVLRQDQG
DFFXUDF\ RI UHVXOWV DW EXLOGLQJ VLPXODWLRQ DQDO\VLV
WKH ZHLJKWLQJ IDFWRUV RI WKH HQYLURQPHQWDO
SDUDPHWHUVPXVWEHGULYHQE\WKHLQWHQGHGXVHRIWKH
ZHDWKHUILOH
,1752'8&7,21
%XLOGLQJVLPXODWLRQ LV URXWLQHO\DSSOLHGIRU
HQHUJ\ DQG HQYLURQPHQWDO SHUIRUPDQFH DVVHVVPHQWV
RI EXLOGLQJV 2QH RI WKH NH\ UHTXLUHPHQWV IRU
EXLOGLQJVLPXODWLRQLVDQXSGDWHGORQJWHUPZHDWKHU
GDWDEDVH UHSUHVHQWDWLYH RI WKH FOLPDWH RI WKH DUHD
XQGHU LQYHVWLJDWLRQ 9DULRXV DSSURDFKHV DUH
DYDLODEOH IRU WKHJHQHUDWLRQRI W\SLFDOZHDWKHUGDWD
PRVWQRWDEOHRQHLVWKH7\SLFDO0HWHRURORJLFDO<HDU
70<ZKLFKKDVIRXQGZRUOGZLGHDFFHSWDQFHDVD
SUDFWLFDOPHWKRG 70< LV SURGXFHG E\ DJJUHJDWLQJ
W\SLFDOPHWHRURORJLFDOPRQWKV700IURPDPXOWL
\HDU GDWDEDVH RI REVHUYHG ZHDWKHU SDUDPHWHUV HJ
WHPSHUDWXUH KXPLGLW\ ZLQG VSHHG DQG GLUHFWLRQ
VRODU UDGLDWLRQ UDLQIDOO HWF DW D VXLWDEOH WLPHVWHS
W\SLFDOO\KRXUO\UHVROXWLRQ
&XUUHQWO\ WKHUH DUH GLIIHUHQW PHWKRGV WR
JHQHUDWHD70<GDWDVHULHV7KHLUPDLQGLIIHUHQFHLV
WKHVWDWLVWLFDODSSURDFKWRLGHQWLI\WKHVHOHFWLRQRIWKH
PRVWW\SLFDOGDWDIRUWKHFRQVWUXFWLRQRIWKH70<DV
ZHOO DV WKH ZHDWKHU LQGLFDWRUV DFFXUDF\ DQG
FRPSOH[LW\ RI HDFK PHWKRG $UJLULRX HW DO 
6RPH RI WKH PRVW UHFHQW PHWKRGV DUH WKH 6DQGLD
PHWKRGWKH'DQLVKPHWKRGWKH)HVWD5DWWRPHWKRG
WKH0LTXHO%LOEDRPHWKRGZKLFKLVEDVHGRQZHDWKHU
PHWHRURORJLFDOGDWDDQGQRWRQVRODUUDGLDWLRQ&URZ
PHWKRG DQG*D]HOD0DWKLRXODNLVPHWKRG([WHQVLYH
FRPSDULVRQEHWZHHQ WKHVHPHWKRGVKDVEHHQFDUULHG
RXW(EUDKLPSRXUDQG0DHUHIDW6NHLNHU
$UJLULRXHWDO-DQMDLDQG'HH\DLDQGWKH
UHVXOWVGHPRQVWUDWHGWKDWWKHPDMRULW\RIWKHPHWKRGV
KDYH D VLPLODU SHUIRUPDQFH +RZHYHU WKH 6DQGLD
PHWKRG LV WKH PRVW ZLGHVSUHDG DSSURDFK IRU WKH
JHQHUDWLRQRI70<GXH WR LWV VLPSOLFLW\ -DQMDL DQG
'HH\DL
5HFHQW UHYLHZV RI WKH ZHLJKWLQJ LQGLFHV RI
6DQGLD PHWKRG KDV LGHQWLILHG WKDW WKH PRVW RI WKH
PHWKRGV DUH XVLQJ WKH KLJKHVW ZHLJKWLQJ LQGH[ IRU
VRODU UDGLDWLRQ+DOOHWDOVWDWHG WKDW WKH LQGLFHVDUH
LQIOXHQFHGE\ WKH LQWHQGHGXVHRI70< ,-+DOO HW
DO+RZHYHULQWKHPRVWFDVHVWKHJHQHUDWLRQ
RI 70< LV EDVHG RQ WKH GHIDXOW ZHLJKWLQJ LQGLFHV
7KLV KDV UHVXOWHG LQ GLVFUHSDQF\ RYHU VHOHFWLQJ
DSSURSULDWH ZHLJKWLQJ LQGLFHV IRU EXLOGLQJ
VLPXODWLRQ 7KXV WKLV SDSHU DLPV WR LQYHVWLJDWH WKH
LPSDFWV RI WKH ZHLJKWLQJ LQGLFHV GXULQJ WKH
JHQHUDWLRQ RI D 70< DQG DV D UHVXOW WKH
SHUIRUPDQFHRIEXLOGLQJVLPXODWLRQ
7KURXJKRXW WKH VWXG\ WKHUH ZLOO EH D
GHYHORSPHQW RI 70<V ZLWK GLIIHUHQW LQGLFHV IRU
QXPHURXV FOLPDWRORJLFDO SDUDPHWHUV 6XFK 70<V
ZLOOEHXVHGIRUWKHVLPXODWLRQDQDO\VLVRISDUWLFXODU
FDVHVVXFKDVVRODUWKHUPDODSSOLFDWLRQZLQGWXUELQH
DQG KHDWLQJFRROLQJ PRGH RI D UHVLGHQWLDO EXLOGLQJ
7KHILQGLQJVZLOOEHFRPSDUHGWRWKHORQJWHUP/7
DYHUDJH DQG  DFWXDO GDWD $'ZHDWKHU ILOHV LQ
RUGHU WR LQYHVWLJDWH WKH HIIHFW RI ZHLJKWLQJ LQGLFHV
IRUGLIIHUHQWHQYLURQPHQWDOYDULDEOHV
70<6(/(&7,21352&('85(
7KH 6DQGLD PHWKRG LV DQ HPSLULFDO DSSURDFK
ZKHUHD70<LVFRPSRVLWHGE\FDOHQGDUPRQWKV
(EUDKLPSRXUDQG0DHUHIDW7KHJHQHUDWLRQRI
WKH PHWHRURORJLFDO GDWD ILOH OLHV XSRQ WKH VWDWLVWLFDO
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DQDO\VLV RI VHYHUDO ZHDWKHU SDUDPHWHUV DQG WKHLU
ZHLJKWLQJIDFWRUV$WWKHLQLWLDOVWDWH+DOOHWDOXVHG
SDUDPHWHUV IURPD\HDUVSHULRG,-+DOOHWDO
 7KHVH ZHUH WKH PD[LPXP PLQLPXP PHDQ
DQG UDQJHV RI GU\ EXOE DQG GHZ SRLQW WHPSHUDWXUH
ZLQG YHORFLW\ DQG WRWDO GDLO\ VRODU UDGLDWLRQ
7KHUHDIWHU DXWKRUV JHQHUDWHG 70<V EDVHG RQ
GLIIHUHQWFOLPDWLFYDULDEOHVDQGZHLJKWLQJIDFWRUVDV
VKRZQLQWKH7DEOH
7KHJHQHUDWLRQRIWKH70<ZLOOGHSHQGXSRQ
WKH PD[LPXP PLQLPXP DQG PHDQ RI GU\ EXOE
WHPSHUDWXUH UHODWLYH KXPLGLW\PD[LPXP DQGPHDQ
ZLQG YHORFLW\ DQG WKH WRWDO GDLO\ VRODU UDGLDWLRQ 
ZHDWKHULQGLFHV
7KH SURFHGXUH LV FRQVLVWHG E\ WZR VXE
SURFHVVHV 7KH ILUVW LV WKH VHOHFWLRQ RI WKH ILYH
FDQGLGDWH \HDUV IRXQGHG RQ WKH )6 VWDWLVWLFV 7KLV
DSSURDFK DGRSWHG E\ WKH PDMRULW\ RI WKH PRGLILHG
6DQGLD PHWKRG 7KH ODWWHU LV WKH ILQDO VHOHFWLRQ RI
700GULYHQE\WKHSHUVLVWHQFHVWUXFWXUHRIWKHILYH
FDQGLGDWHPRQWKV$WWKHGHIDXOW6DQGLDYHUVLRQ+DOO
HWDOHYDOXDWHGSHUVLVWHQFHRIZHDWKHUSDUDPHWHUVE\
GHWHUPLQLQJWKHIUHTXHQF\DQGUXQ OHQJWKDERYHDQG
EHORZ RI IL[HG SHUFHQWLOHV ,- +DOO HW DO 
+RZHYHU JLYHQ WKH VLJQLILFDQW QXPEHU RI VWXGLHV
DGRSWHG WKH 3LVVLPDQLV PHWKRG 6NHLNHU  'H
0LJXHO DQG %LOEDR  -DQMDL DQG 'HH\DL 
$UJLULRX HW DO  6NHLNHU DQG *KDQL  WKH
FXUUHQW VWXG\ ZLOO EH EDVHG RQ LWV DSSOLFDWLRQ 7KH
PHWKRGLVEDVHGRQVLPSOHUDQGLQWXLWLYHIRUPXODVIRU
WKHVHOHFWLRQRI7006NHLNHU
$GGLWLRQDOO\ LW LV FUXFLDO WR KLJKOLJKW WKH
PDQLSXODWLRQ RI HUURQHRXV DQG PLVVLQJ GDWD
$FFRUGLQJ WR /HYHUPRUH DQG 3DUNLQVRQ /HYHUPRUH
DQG3DUNLQVRQDIUDFWLRQRIRIHUURQHRXV
GDWD LV DFFHSWDEOH IRU WKH JHQHUDWLRQ RI 70< ,Q
DGGLWLRQLIWKHUHDUHJDSVLQGDWDIRUDSHULRGRIWR
KRXUV WKH OLQHDUDQGSRO\QRPLDO LQWHUSRODWLRQZLOO
DSSOLHG DV SURSRVHG E\ &KHQ DQG &ODULGJH &KHQ
DQG &ODULGJH  (VVHQWLDOO\ WZHOYH W\SLFDO
PRQWKV ZLOO FRQFDWHQDWHG WR IRUP D W\SLFDO
PHWHRURORJLFDO\HDU,QDOO70<VWKHWUDQVLWLRQIURP
RQH PRQWK WR QH[W PRQWK KDV VPRRWKHG XVLQJ WKH
OLQHDULQWHUSRODWLRQRIWKHUHDOYDOXHVIRUKRXUV
Selection of five candidate months 
7KH VHOHFWLRQ RI WKH ILYH FDQGLGDWH \HDUV
LQYROYHVWKHH[DPLQDWLRQRIWKHFORVHQHVVWRWKHORQJ
WHUP GDWDEDVH 7KH SURFHGXUH UHSHDWHG LQ D VLPLODU
PDQQHU IRU DOO FDOHQGDU PRQWKV )RU WKLV VWXG\ WKH
ORQJWHUP GDWDEDVH LV FRPSRVLWHG E\ GDWD IURP WKH
UHFHQWGHFDGH
7KHFORVHQHVVRIHDFK\HDUWRWKHORQJWHUP
LVH[DPLQHGE\WKHFRPSDULVRQRIWKHVKRUWDQGORQJ
WHUPFXPXODWLYHGLVWULEXWLRQIXQFWLRQ&')WKURXJK
WKH )LQNHOVWHLQ6FKDIHU )6 VWDWLVWLFV ,Q D JLYHQ
PRQWK WKH GDLO\ DYHUDJHV UHIHUUHG WR DV ³VKRUW
WHUP´:KHQWKHVHDYHUDJHGIRUWKHZKROHSHULRGRI
GDWDEDVHWKHQWKH\FDOOHG³ORQJWHUP´7KHVKRUWDQG
ORQJ WHUPFXPXODWLYHGLVWULEXWLRQ IXQFWLRQ&')RI
ZHDWKHU LQGH[ LH WHPSHUDWXUH LV GHWHUPLQHG E\ D
PRQRWRQLF LQFUHDVLQJ IXQFWLRQ &')[ ZKHQ D
QXPEHUQRIREVHUYDWLRQVRI WKHZHDWKHUYDULDEOH[
7DEOH:HDWKHUSDUDPHWHUVDQGDVVLJQHGZHDWKHULQGLFHV

,QGLFHV
Studies
,-+DOOHWDO6NHLNHU
DQG*KDQL6NHLNHU

6DZDTHG
=XULJDWDQG
$O+LQDL

3HWUDNLVHWDO

.DORJLURX

0DULRQ
DQG8UEDQ

&KDQ
HWDO

7HPSHUDWXUH
0D[     
0LQ     
0HDQ     
5DQJH     
+XPLGLW\'HZ
SRLQW
WHPSHUDWXUH
0D[     
0LQ     
0HDQ     
5DQJH     
:LQGYHORFLW\
0D[     
0LQ     
0HDQ     
5DQJH     
:LQGGLUHFWLRQ 0HDQ     
6RODU5DGLDWLRQ
*OREDO     
'LUHFW
EHDP     

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DUHDYDLODEOHDQGKDYHEHHQVRUWHGLQWRDQDVFHQGLQJ
RUGHU[[«[Q(TXDWLRQH[SUHVVHVWKH&')

𝐶𝐹𝐷  (𝑥) =   ቐ
0   𝑓𝑜𝑟  𝑥 < 𝑥ଵ
(௜ି଴.ହ)
௡
𝑓𝑜𝑟  𝑥௜ ≤ 𝑥 < 𝑥௜ାଵ
1   𝑓𝑜𝑟  𝑥 ≥ 𝑥௡
 

7KHIROORZLQJ(TXDWLRQFDOFXODWHV WKH)6
VWDWLVWLFVEHWZHHQWKHVKRUWDQGORQJWHUP&')IRUD
JLYHQPRQWK

𝐹𝑆௫(𝑦,𝑚) =
ଵ
ே
∑ ห𝐶𝐷𝐹௠(𝑥௜) − 𝐶𝐷𝐹௬,௠(𝑥௜)หே௜ୀଵ  

ZKHUH )6[\ P LV )6 \ P VWDWLVWLFV IRU HDFK
ZHDWKHULQGH[[\\HDUDQGPPRQWK&')PLVWKH
ORQJWHUPDQG&')\P LV WKH VKRUW WHUPIRU WKH\HDU
\ FXPXODWLYH GLVWULEXWLRQ IXQFWLRQ RI WKH ZHDWKHU
LQGH[ [ IRUPRQWKP DQG1 LV WKH QXPEHU RI GDLO\
UHDGLQJRIWKHPRQWKLH)HEUXDU\1 
)LQDOO\ WKH ILYH FDQGLGDWH \HDUV IRU HDFK
PRQWK VHOHFWHGZLWK UHVSHFW WR WKH VPDOOHVW VFRUHRI
WKH:HLJKWHG6XP:67KH:6LVWKHDJJUHJDWLRQ
RI )6 VWDWLVWLFV RI WKH QLQH FOLPDWLF LQGLFHV WKDW
PXOWLSOLHGE\WKHLUDVVLJQHGZHLJKWLQJIDFWRU

𝑊𝑆(𝑦,𝑚) = ଵ
ெ
∑ 𝑊𝐹௫𝐹𝑆௫(𝑦,𝑚)ெ௫ୀଵ  

ZKHUH:6\PLVWKHZHLJKWHGVXPIRUWKHPRQWK
PLQ WKH\HDU\:)[ LV WKHZHLJKWLQJIDFWRU IRU WKH
[WK ZHDWKHU LQGH[ DQG 0 LV WKH QXPEHU RI WKH
PHWHRURORJLFDOLQGLFHV
Final selection of TMM 
7KH ILQDO VHOHFWLRQ RI WKH W\SLFDO
PHWHRURORJLFDO PRQWKV 700 FDUULHG RXW E\ WKH
H[DPLQDWLRQ RI WKH SHUVLVWHQFH VWUXFWXUH RI WKH ILYH
FDQGLGDWH\HDUV
$FFRUGLQJ WR WKH DIRUHPHQWLRQHG WKH
3LVVLPDQLV PHWKRG DSSOLHG ZKLFK IRXQGHG RQ D
VLPSOHUPHWKRG WR H[DPLQH WKH SHUVLVWHQFH RIPHDQ
GDLO\YDOXHVRIZHDWKHUYDULDEOHVE\WKHXWLOL]DWLRQRI
506'3LVVLPDQLVHWDO
𝑅𝑀𝑆𝐷 = ቀଵ
௡
∑ 𝑑௜
ଶ௡
௜ୀଵ ቁ
଴.ହ
 
ZKHUHQLVQXPEHURIGDWDLHIRUD\HDUDQG
GLLVWKHGLIIHUHQFHEHWZHHQWKHKRXUO\YDOXHVDQGWKH
KRXUO\ ORQJWHUPDYHUDJHYDOXHVRI JOREDO UDGLDWLRQ
$IWHUZDUGV D YDULDWLRQ RI WKLV PHWKRG ZDV
LQWURGXFHGZKHUH D FRPSRVLWH VFRUH6 LV FDOFXODWHG
E\ WKH (TXDWLRQ  DQG WKH PRQWK ZLWK WKH KLJKHVW
VFRUHLVVHOHFWHG

𝑆௫(𝑦,𝑚) =
୫୧୬೔సభ,…,మబ(ோெௌ஽ೣ(௜,௠))
ோெௌ஽ೣ(௬,௠)
 
0(7+2'2/2*<
7KHSDSHUDLPVWRH[DPLQHWKHLPSDFWRIWKH
ZHLJKWLQJ IDFWRU DQG KHQFH WKH LPSRUWDQFH RI
PHWHRURORJLFDOSDUDPHWHUVGXULQJWKHLPSOHPHQWDWLRQ
RI D 70< GDWD ILOHV LQ D VLPXODWLRQ HQYLURQPHQWDO
DQDO\VLV ,Q HVVHQFH WKH PHWKRGRORJ\ DGRSWHG IRU
WKHSDUWLFXODUVWXG\LQYROYHVWKHJHQHUDWLRQRI70<
GDWD ILOHV DQG D VWDWLVWLFDO DQDO\VLV RI WKH GLIIHUHQW
ZHDWKHUGDWDVHWVIRUVHYHUDOVLPXODWLRQDSSOLFDWLRQV
Weather data selection 
,Q WKHSUHVHQW VWXG\ WKH KRXUO\ZHDWKHUGDWD
IRU WKH SHULRG  KDYH EHHQ DFTXLUHG IURP
WKH PHWHRURORJLFDO VWDWLRQ RI 3DSKRV 1DWLRQDO
$LUSRUW ZKLFK LV VLWXDWHG DW WKH VRXWKZHVW FRDVWDO
UHJLRQ R¶ 1 R¶ ( RI &\SUXV 0HW'HS
 +RZHYHU GXH WR D ODFN RI JOREDO UDGLDWLRQ
GDWD IRU WKH SHULRG  DGGLWLRQDO GDWDEDVHV
HPSOR\HG SURYLGLQJ D FRPSUHKHQVLYH GDWD IRU WKH
70< GHYHORSPHQW 12$$  6RODU*,6 
)RU VKRUWHU SHULRGV RI HUURQHRXV DQG PLVVLQJ GDWD
WKHOLQHDUDQGSRO\QRPLDOLQWHUSRODWLRQDSSOLHG
7KH HQYLURQPHQWDO YDULDEOHV IRU WKH
FRQVWUXFWLRQ RI WKH 70<V DUH WKH GU\ EXOE
WHPSHUDWXUH GHZSRLQW WHPSHUDWXUH UHODWLYH
KXPLGLW\ ZLQG VSHHG ZLQG GLUHFWLRQ DQG JOREDO
KRUL]RQWDOUDGLDWLRQ
Global radiation  
)RU WKH JHQHUDWLRQ RI W\SLFDO PHWHRURORJLFDO
\HDU WKHYDOXHVRIKRXUO\H[WUDWHUUHVWULDO,RGLUHFW
QRUPDO ,EQ DQG GLIIXVH KRUL]RQWDO ,G UDGLDWLRQ
HVWLPDWHG DFFRUGLQJ WR WKH 'XIILH DQG %HFNPDQ
PHWKRG  'XIILH DQG %HFNPDQ  DV LV
SUHVHQWHGEHORZ
,QLWLDOO\ WKH SURFHGXUH UHTXLUHV VRPH
PDQGDWRU\ SDUDPHWHUV RI WKH VRODU JHRPHWU\ 7KXV
WKH GHFOLQDWLRQ DQJOH RI WKH VXQ į DQG GHJUHHV LV
GHILQHGE\
𝛿 = 23,45. sin ቀ360. ଶ଼ସା஽
ଷ଺ହ
ቁ 

ZKHUH'LVWKHFDOHQGDUGD\RIWKH\HDU
+HUH ĳ LV WKH ODWLWXGH RI WKH ORFDWLRQ
GHJUHHVDQGȦLVWKHKRXUO\DQJOHRIWKHVXQGHJ
$W  PLGGD\ WKH YDOXH RI Ȧ LV ]HUR ZLWK WKH
PRUQLQJEHLQJQHJDWLYHDQGDIWHUQRRQEHLQJSRVLWLYH
ZKHUHIRUHDFKKRXUWKHYDOXHLVFKDQJHGE\RLH
DWȦ Ƞ
0RUHRYHU WKH ș] LV WKH VRODU ]HQLWK DQJOH
FDOFXODWHGE\'XIILHDQG%HFNPDQ

cos 𝜃௭ = cos𝜑 . cos 𝛿 . cos𝜔 + sin 𝜑 . sin 𝛿 

+HQFH E\ WKH FDOFXODWLRQ RI VRODU
SDUDPHWHUV WKH KRXUO\ VRODU UDGLDWLRQ YDULDEOHV FDQ
EH HVWLPDWHG IURP WKH IROORZLQJ HTXDWLRQV 7KH
H[WUDWHUUHVWULDOKRUL]RQWDOUDGLDWLRQN-PJLYHQDV

Proceedings of BS2013: 
13th Conference of International Building Performance Simulation Association, Chambéry, France, August 26-28
- 924 -
𝐼௢ = ቀ
ଵଶ.ଷ଺଴଴.ூೞ೎
గ
ቁ . 𝐸௢. [cos𝜑 . 𝑐𝑜𝑠 𝛿 . (𝑠𝑖𝑛 𝜔ଶ −
𝑠𝑖𝑛 𝜔ଵ)] + ቀ
ଶగ(ఠమିఠభ).௦௜௡ ఝ.௦௜௡ ఋ
ଷ଺଴
ቁ


 ZKHUH WKH VRODU FRQVWDQW ,VF :P DQG WKH
HFFHQWULFLW\ FRUUHFWLRQ IDFWRU (2 FRV
'7KH FOHDUQHVV LQGH[ NW GHILQHG DV WKH
UDWLRRIWKHKRXUO\KRUL]RQWDO UDGLDWLRQRQKRUL]RQWDO
VXUIDFH WR WKH KRXUO\ KRUL]RQWDO H[WUDWHUUHVWULDO
UDGLDWLRQ
kt=   I Ioൗ
 

7KH KRXUO\ GLIIXVH VRODU UDGLDWLRQ ,G
HVWLPDWHGE\WKHHTXDWLRQ

kd=
Id
Iൗ =  
1-­‐0.249kt kt<0.35
1.557-­‐1.84kt       0.35<kt<0.75
0.17 kt>0.75
 

 ZKLOH WKH GLUHFW QRUPDO UDGLDWLRQ FDOFXODWHG DV
IROORZV
 Q 
 
 RV ș
 
TMY data sets 
7KH VWXG\ ZLOO IRFXV RQ D SDUDPHWULF
DQDO\VLV DQG WKXV IRXU VHWV JHQHUDWHG IURP WKH
SHULRG RI  3DUWLFXODUO\ WKH ZHLJKWLQJ
LQGH[IRUDOOSDUDPHWHUVQXOOLILHGH[FHSWWKHRQHWKDW
ZLOOGHVFULEHWKHVHOHFWLRQRIWKH70<7KHLQGH[LQJ
VKRZQLQWKH7DEOH$VDUHVXOWWKHLPSDFWRIHDFK
PHWHRURORJLFDO SDUDPHWHU ZLOO EH H[DPLQHG LQ
FRPSDULVRQWRWKH/7DQG$'0RUHRYHUWKH70<G
LV FRQVWUXFWHG ZLWK UHJDUGV WR WKH GHIDXOW ZHDWKHU
LQGLFHVE\,-+DOOHWDODFWLQJDVDUHIHUHQFH
GDWDEDVHWRWKHVWXG\
3UHOLPLQDU\ UHVXOWV DUH SUHVHQWHG LQ WKH
7DEOH

7DEOH7\SLFDOPHWHRURORJLFDOPRQWKV700

 70<G 70<J 70<GE 70<UK 70<ZV
     
     
     
     
     
     
     
     
     
     
     
     

 ,W FDQ EH QRWLFHG WKDW UHJDUGLQJ WR WKH
DSSOLHG LPSRUWDQFH RQ D SDUWLFXODU PHWHRURORJLFDO
SDUDPHWHU WKH VHOHFWHG W\SLFDOPRQWKV 700 YDU\
FRQVLGHUDEO\
7KH YDULDWLRQV RI GU\ EXOE WHPSHUDWXUH DQG
KRUL]RQWDOUDGLDWLRQDUHSUHVHQWHG)LJXUHVKRZVWKH
FRPSDULVRQ RI WKH PRQWKO\ ORQJ PHDQ PHDVXUHG
WHPSHUDWXUH DQG 70<V VHULHV 6LPLODUO\ WKH
HYROXWLRQRIPRQWKO\PHDQKRUL]RQWDOLUUDGLDQFHDQG
70<V  DUH VKRZQ LQ )LJXUH  )URP WKH )LJXUHV 
DQG  LW FDQ EH VHHQ WKDW WKH 70<V KDYH
DSSUR[LPDWHO\ VLPLODU DYHUDJH PRQWKO\ YDOXHV RYHU
WKHORQJWHUPSHULRG
7DEOH:HLJKWLQJIDFWRURIHQYLURQPHQWDOSDUDPHWHUV

 :HLJKWLQJ,QGLFHV
3DUDPHWHU 'HIDXOW70<G ȉȂȊJ ȉȂȊGE ȉȂȊUK 70<ZV
7HPSHUDWXUH
0HDQ     
0D[     
0LQ     
5HODWLYH
+XPLGLW\
0HDQ     
0D[     
0LQ     
:LQG6SHHG
0HDQ     
0D[     
0LQ     
*OREDO5DGLDWLRQ 0.50    
Focus on  *OREDO5DGLDWLRQ
'U\EXOE
WHPSHUDWXUH
5HODWLYH
KXPLGLW\
:LQG
6SHHG

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

)LJXUH0RQWKO\DYHUDJHGU\EXOEWHPSHUDWXUH



)LJXUH0RQWKO\JOREDOKRUL]RQWDOUDGLDWLRQ
 
Simulation applications 
7KH LQYHVWLJDWLRQ RI 70<¶V SHUIRUPDQH  LQ
VLPXODWLRQ HQYLURQPHQW ZDV H[DPLQHG E\ WKH
LPSOHPHQWDWLRQRIDUHVLGHQWLDOVRODUWKHUPDOV\VWHP
D ZLQG WXUELQH JHQHUDWRU DQG KHDWLQJFRROLQJ PRGH
DQDO\VLV RI D W\SLFDO GZHOOLQJ LQ &\SUXV 7KH VDPH
SDUDPHWHUV RI HDFK VLPXODWLRQ XVHG IRU DOO ZHDWKHU
GDWD VHWV 7KH DQDO\VLV ZDV FDUULHG RXW XVLQJ
(QHUJ\3OXVVRIWZDUH
$VDVWDUWLQJSRLQWDGRPHVWLFIODWSODWHVRODU
FROOHFWRU GHVLJQHG WR VHUYH WKH UHVLGHQWLDO GHPDQGV
IRU GRPHVWLF KRW ZDWHU LQ FRQMXQFWLRQ ZLWK DQ
HOHFWULFDOKHDWHU
7KH FROOHFWRU FRQVLVWHG RI WZR VRODU SODWHV
ZLWKDJURVVDUHDP ,Q WKH)LJXUH WKHGDLO\
KHDW SURGXFWLRQ LV SUHVHQWHG IRU  DUELWUDU\ GD\V LQ
-DQXDU\$SULODQG-XO\



)LJXUH'DLO\KHDWSURGXFWLRQ/RQJWHUPGDWDVHW

7KHUHE\ WKH KHDW SURGXFWLRQ E\ WKH
LQWHJUDWLRQRIHDFK70<VHWZLOOEHHYDOXDWHGDJDLQVW
WKHORQJWHUPDQGDFWXDOGDWDRIWKH\HDU
6LPLODUO\ D ZLQG WXUELQH H[DPLQHG LQ WKH
SHUVSHFWLYH RI HQHUJ\ SURGXFWLRQ )RU WKH SDUWLFXODU
VLPXODWLRQ FDVH WKH UHVXOW ZLOO EH WKH HOHFWULFLW\
JHQHUDWLRQ N:K DQG ZLOO EH DVVHVVHG LQ D VLPLODU
PDQQHUDVWKHVRODUFROOHFWRUFDVHVWXG,QWKH7DEOH
 WKHFKDUDFWHULVWLFVRIDKRUL]RQWDOD[LV WXUELQHDUH
VKRZQDVUHIHUUHGE\%HUJH\

7DEOH:LQGWXUELQHFKDUDFWHULVWLFV

&KDUDFWHULVWLF 8QLWV
5DWHGURWRUVSHHG  UHYPLQ
5RWRUGLDPHWHU  P
2YHUDOOKHLJKW  P
1XPEHURIEODGHV  
5DWHGSRZHU  N:
5DWHGZLQGVSHHG  PV
&XWLQZLQGVSHHG  PV
&XWRXWZLQGVSHHG  PV
0D[LPXPWLSVSHHGUDWLR  

0RUHRYHU WKHVHDVRQDOKHDWLQJDQGFRROLQJ
PRGH IRU D W\SLFDO UHVLGHQWLDO EXLOGLQJ H[DPLQHG$
VLPSOH VLQJOH ]RQH GZHOOLQJ ZLWK  P RI WRWDO
IORRU DUHD GHVLJQHG DFFRUGLQJ WR &<67$7 )
7KHSURSHUWLHVRIWKHHOHPHQWVRIWKHFRQVWUXFWLRQDUH
SUHVHQWHGLQ7DEOH

7DEOH3URSHUWLHVRIEXLOGLQJHQYHORSH

6WUXFWXUDO(OHPHQW 8YDOXH:P.
([WHULRU:DOOV 
)ORRU 
5RRI 
*OD]LQJ 

7KHSDUDPHWHU WKDWDUH LQYHVWLJDWHG WKURXJK
WKH VWXG\ LV WKH HQHUJ\ UHTXLUHG E\ WKH KHDWLQJ DQG
FRROLQJ ORDGV WRPDLQWDLQ WKH LQGRRU WHPSHUDWXUH DW
R&DQGR&IRUWKHSHULRGRI1RYHPEHU0DUFK
DQG$SULO2FWREHUUHVSHFWLYHO\
Statistical analysis 
 7KH 70< SHUIRUPDQFH REWDLQHG E\ WKH
VLPXODWLRQSURFHGXUHDUHHYDOXDWHGDFFRUGLQJ WR WKH
ORQJWHUP DYHUDJH DQG DFWXDO GDWD RI  $V D
UHVXOW WKURXJK WKHDQDO\VLV WKH LPSDFWRIZHLJKWLQJ
LQGH[DUHUHYHDOHGLQWKHSHUVSHFWLYHRIW\SLFDOLW\IRU
D SDUWLFXODU SHULRG LH  SHULRGV DQG WKH
FDSDELOLW\WRSUHGLFWIXWXUH\HDUV
 7KHUHE\ WKH HYDOXDWLRQ DVVHVVPHQW LV
FRQWDFWHG WKURXJKDVWDWLVWLFDODQDO\VLVEDVHGRQ WKH
PRGLILHG 3HDUVRQ FRHIILFLHQW RI GHWHUPLQDWLRQ VR
FDOOHG DGMXVWHG5 DQG WKH URRW PHDQ VTXDUH HUURU
506(  7KH DSSOLFDWLRQ RI HDFK FRHIILFLHQW LV
PDLQO\EDVHGRQWKHH[WHQWRILPSDFWE\WKHSUHVHQFH
RIRXWOLHUV
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,Q WKH FDVH RI FRROLQJ PRGH DQG VRODU
FROOHFWRU WKH DGMXVWHG5 HPSOR\HG ZLWK D
FRQILGHQFH OHYHO RI  7KH DGMXVWHG5
FRPSHQVDWHV WKH DGGLWLRQDO YDULDEOHV LQ WKH PRGHO
HQKDQFLQJ WKH DFFXUDF\ RI WKH DQDO\VLV RQ WKH
FRQWUDU\WRWKHVLPSOH50DUNDQG-ROOH\$
FORVHU YDOXH WR  LQGLFDWHV D VWURQJ FRUUHODWLRQ
EHWZHHQWKHFRPSDUHGGDWDVHWV
+RZHYHU IRU WKH KHDWLQJ PRGH FDVH WKH
VLPSOH UHJUHVVLRQ DQDO\VLV LV QRW VXIILFLHQW WR
GHVFULEH WKH PRGHO 'XH WR WKLV IDFW WKH UREXVW
UHJUHVVLRQ DSSOLHG WR HVWLPDWH WKH DGMXVWHG5 WR
HOLPLQDWH WKH LPSDFW RI RXWOLHUV :LWWHQ DQG )UDQN

)XUWKHUPRUH WKH XQSUHGLFWDEOH VHDVRQDO
ZLQGSURILOHFRQWULEXWHVWRWKHLPSOHPHQWDWLRQRIWKH
URRWPHDQVTXDUHHUURU506(IRUWKHDVVHVVPHQWRI
WXUELQHSHUIRUPDQFH/RZHUYDOXHVRI506(LQGLFDWH
VPDOOHURIIVHWEHWZHHQWKHFRPSDUHGGDWDVHW

5(68/76$1'',6&866,21
,Q WKLV VHFWLRQ WKH UHVXOWV IURP WKH
HYDOXDWLRQRIWKH70<VSHUIRUPDQFHDJDLQVWWKHORQJ
WHUP DQG  GDWD DUH  SUHVHQWHG 7KH RXWFRPH LV
EDVHGRQWKHDIRUHPHQWLRQHGVLPXODWLRQFDVHV
$V FDQ EH VHHQ IURP WKH )LJXUHV  WKH
FRROLQJPRGHDQGVRODUFROOHFWRUFDVHVDUHIROORZLQJ
D OLQHDU WUHQG 7KH DSSOLFDWLRQ RI VLPSOH OLQHDU
UHJUHVVLRQZLOOEHVXIILFLHQWWRHYDOXDWHWKH70<V



)LJXUH+HDWSURGXFWLRQDJDLQVW/7



)LJXUH+HDWSURGXFWLRQDJDLQVW$'



)LJXUH&RROLQJORDGDJDLQVW/7



)LJXUH&RROLQJORDGDJDLQVW/7

,Q FRQWUDGLFWLRQ IRU WKH KHDWLQJ PRGH DQG
ZLQGWXUELQHVLPXODWLRQWKHDGRSWLRQRIDQDOWHUQDWLYH
DSSURDFK LV PDQGDWRU\ GXH WR WKH H[LVWHQFH RI
RXWOLHUV WKDW GLVWRUW WKH OLQHDULW\ RI WKH PRGHO  $
SRVVLEOHFDXVHLVWKHODFNRIVHDVRQDOLW\RIWKHZLQWHU
SHULRGDQGWKHGLIILFXOW\WRIRUHFDVWWKHZLQGSURILOH
&OLPDWH LQ &\SUXV LV FKDUDFWHUL]HG E\
VXPPHUGRPLQDQW7KHUHE\ WKHZLQWHUSHULRG LVQRW
DV FRQVWDQW DV VXPPHU VHDVRQ7KLV VKRZQ LQ7DEOH
ZKHUH WKH IUHTXHQF\RI VWDQGDUGGHYLDWLRQ IRU WKH
GU\ EXOE WHPSHUDWXUH KRXUO\ YDOXHV LV HVWLPDWHG IRU
ZLQWHUDQGVXPPHUSHULRGGXULQJ

7DEOH)UHTXHQF\RIVWDQGDUGGHYLDWLRQLQZLQWHU
DQGVXPPHUSHULRGLQ&\SUXV

6WDQGDUG'HYLDWLRQ 6XPPHU :LQWHU
  
  
  
  
  
  

$V LW FDQ EH VHHQ WKH VWDQGDUG GHYLDWLRQ
GXULQJ WKH ZLQWHU SHULRG UHDFKHV XS WR  ZKHUH
GXULQJ VXPPHU JRHV XS WR  ZLWK WKH IUHTXHQF\
FRQFHQWUDWHVEHWZHHQ$VDUHVXOWWKHSUHVHQFHRI
RXWOLHUYDOXHVOHDGVWRWKHGLVWRUWLRQRIWKHUHVXOWV,Q
HVVHQFH WKH DGMXVWHG5 FDOFXODWHG E\ UREXVW ILWWLQJ
XVLQJWKHFDVHRIKHDWLQJPRGH)LJXUHVVKRZWKH
UHVXOWVIRUWKHKHDWLQJPRGH

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

)LJXUH+HDWLQJORDGDJDLQVW/7



)LJXUH+HDWLQJORDGDJDLQVW$'

$QDORJRXVO\ WKH HIIHFW RI ODUJHVFDOH
PHFKDQLVPV VXFK DV WKH GLIIHUHQFH RI WHPSHUDWXUH
SUHVVXUH DQG ORFDO VXUIDFH FKDUDFWHULVWLFV FRQWULEXWH
WR WKH GLIILFXOW\ RI HVWLPDWLQJ ZLQG SURILOH EHWZHHQ
\HDUV 6IHWVRV  7KH 70<V SUHVHQW VLPLODU
VHDVRQDO SURILOH EXW WKH KRXUO\ PDJQLWXGH DQG
GLUHFWLRQ RI ZLQG YDULHV FRQVLGHUDEO\ 7KHUHE\ WKH
GHYLDWLRQIURPWKHORQJWHUPDQGDFWXDOGDWDRI
HVWLPDWHGE\WKH506(
)URP 7DEOHV  LW LV QRWLFHG WKDW WKH
SHUIRUPDQFH RI DOO 70<V GDWD VHULHV DUH UHODWLYHO\
VLPLODU ZKLFK LV UHYHDOHG E\ WKH FRPSRVLWLRQ
PHWKRG 'XULQJ WKH FRQFDWHQDWLRQ RI WKH PRQWKV WR
IRUP WKHGDWD VHWV WKHVHOHFWHGPRQWKVDUH WKHPRVW
W\SLFDO UHVXOWLQJ WR WKH DSSUR[LPDWHO\ VLPLODU
SHUIRUPDQFH
+RZHYHUGLVWLQJXLVKFDQEHPDGHZLWK WKH
FDVHV WKDW KDYH WKH EHVW ILW ZLWK WKH ORQJ WHUP 7KH
70<V GULYHQ PDLQO\ E\ JOREDO UDGLDWLRQ DQG ZLQG
VSHHG KDYH WKH EHVW SHUIRUPDQFH IRU WKH VRODU
FROOHFWRUDQGZLQGWXUELQHDFFRUGLQJO\1RZLQWKH
SHUVSHFWLYH RI KHDWLQJ DQG FRROLQJ PRGH RI D
UHVLGHQWLDO EXLOGLQJ WKH 70<G SUHVHQWV WKH EHVW
SHUIRUPDQFH $V LW LV DERYH PHQWLRQHG WKH
JHQHUDWLRQ RI 70<G LV PDLQO\ GULYHQ E\ JOREDO
UDGLDWLRQ EXW LW LV DOVR LQIOXHQFHG E\ WKH UHVW
PHWHRURORJLFDO SDUDPHWHUV UHVXOWHG WR WKH H[SHFWHG
SHUIRUPDQFHRQWKHFDOFXODWLRQRIEXLOGLQJORDGV
$V LW FDQEH VHHQ LQ WKH7DEOH WKH VFHQH
UHPDLQV WKH VDPH WKURXJK WKH FRPSDULVRQ RI WKH
70<VDJDLQVWWKH$'7KHEHVWSHUIRUPDQFHLVDOVR
SUHVHQWHGE\WKHVDPH70<VDVGHVFULEHGEHIRUH
$FFRUGLQJWRWKHDIRUHPHQWLRQHGWKHLPSDFW
RI ZHLJKWLQJ IDFWRU LQ WKH JHQHUDWLRQ RI 70< GDWD
VHULHVLVGULYHQE\WKHVLPXODWLRQFDVHWKDWWKH70<
ZLOO EH DSSOLHG DV D ZHDWKHU LQSXW )RU WKH
LQYHVWLJDWLRQRIVSHFLILFUHQHZDEOHDSSOLFDWLRQVVXFK
DVVRODUFROOHFWRU DQG ZLQG WXUELQH DQ DWWHQWLRQ
PXVW EH JLYHQ WR WKH ZHDWKHU SDUDPHWHUV WKDW DUH
GLUHFWO\ UHODWHG WR WKH DSSOLFDWLRQV LH JOREDO
UDGLDWLRQDQGZLQGSURILOH
7DEOH3HUIRUPDQFHRI70<VDFFRUGLQJWR/7


7DEOH3HUIRUPDQFHRI70<VZLWKUHJDUGVWR$'


2Q WKH FRQWUDU\ ZKHQ WKH VLPXODWLRQV
H[DPLQH WKH SHUIRUPDQFH RI D EXLOGLQJ XQGHU WKH
KHDWLQJ DQG FRROLQJPRGH WKH HPSKDVLVPXVW JLYHQ
LQ DOO PHWHRURORJLFDO YDULDEOHV DV WKH GHPDQG IRU
KHDWLQJRUFRROLQJLVGULYHQE\WKHFRQMXQFWLRQRIWKH
PRVWZHDWKHUSDUDPHWHUV
0RUHRYHU WKH DSSOLFDWLRQ RI D 70< IRU D
JLYHQ ORFDWLRQPXVWH[DPLQHZLWK WKHSHUVSHFWLYHRI
WKH FOLPDWH FKDUDFWHULVWLFV $V KLJKOLJKWHG LQ WKH
VWXG\ WKH FRROLQJ ORDG HYDOXDWHG E\ WKH XVH RI WKH
OLQHDUUHJUHVVLRQZKLOHWKHKHDWLQJORDGDQGWKHZLQG
WXUELQH UHTXLUH WKH LPSOHPHQWDWLRQ RI WKH UREXVW
UHJUHVVLRQDQG506(WRHVWLPDWHWKHSHUIRUPDQFHRI
70<VDJDLQVWWKHORQJWHUPDQGDFWXDOIXWXUHGDWD
&21&/86,21
 7KHVWXG\DWWHPSWHGWRUHYHDOWKHLPSDFWRI
WKHZHLJKWLQJIDFWRUDQGKHQFHWKHLPSRUWDQFHRIWKH
PHWHRURORJLFDO SDUDPHWHUV RQ WKH JHQHUDWLRQ RI D
70<GDWDVHWIRUXVHRQEXLOGLQJVLPXODWLRQ
 ,QLWLDOO\ LQ WKH VHFWLRQ RQ JHQHUDWLQJ
70<V LW SUHVHQWHG WKDW WKH EDFNERQH 700 RI D
70< GDWD VHW FDQ VLJQLILFDQWO\ YDULHG GXH WR WKH
DVVLJQHG IDFWRU RI WKH FOLPDWRORJLFDO YDULDEOHV )RU
LQVWDQFH WKH 70<UK KDV RQH VLPLODU 700 ZLWK
70<GZKLOH WKH70<JKDV ILYHPRQWKVSUHVHQWLQJ
WKHLPSRUWDQFHRIWKHJOREDO UDGLDWLRQRQWKHGHIDXOW
GDWDVHW
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'DWD
6HW
6RODU
FROOHFWRU
&RROLQJ
PRGH
+HDWLQJ
PRGH
:LQG
7XUELQH
$GMXVWHG5 506(
70<G  0.9265 0.8878 
70<J 0.8132   
70<GE    
70<UK    
70<ZV    0.401 
'DWD
6HW
6RODU
FROOHFWRU
&RROLQJ
PRGH
+HDWLQJ
PRGH
:LQG
7XUELQH
$GMXVWHG5 506(
70<G  0.886 0.747 
70<J 0.526   
70<GE    
70<UK    
70<ZV    0.795 
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 1RZ RQ WKH SHUVSHFWLYH RI WKH VLPXODWLRQ
VWX LHV WKH RXWR PH KLJKOLJKWV WKH+DOO¶V VWDWHPHQW
UHJDUGLQJWRWKHLQWHQGHGDSSOLFDWLRQRID70<GDWD
ILOH DQG WKXV WKH DVVLJQHG ZHLJKWLQJ IDFWRU IRU WKH
PHWHRURORJLFDOYDULDEOH2YHUDOO WKHSHUIRUPDQFHRI
WKH 70<V ZDV VLPLODU IRU WKH PDMRULW\ RI WKH
VLPXODWLRQ FDVHV +RZHYHU VOLJKWO\ EHWWHU
SHUIRUPDQFH RFFXUUHG E\ SDUWLFXODU GDWD VHWV )RU
H[DPSOH DW WKH VRODU FROOHFWRU FDVH WKH KLJKHVW
DGMXVWHG5ZDVJLYHQE\WKH70<J6LPLODUO\DWWKH
FRPSDULVRQRI70<VIRUWKHHOHFWULFLW\JHQHUDWHGE\
D ZLQG WXUELQH WKH 70<ZV GHPRQVWUDWHG WKH EHVW
SHUIRUPDQFH ,Q DGGLWLRQ WKH VLJQLILFDQFH RI DOO
PHWHRURORJLFDO SDUDPHWHUV SUHVHQWHG RQ WKH KHDWLQJ
DQGFRROLQJPRGHZKHUHWKH70<GGHVFULEHGEHWWHU
WKHORQJWHUPDQGDFWXDOGDWDVHWV
,Q WKH VWDWLVWLFDO FRQWH[W WKH SHUIRUPDQFH
GLIIHUHQFH LV UHODWLYHO\ VPDOO+RZHYHU E\XVLQJ DQ
DSSURSULDWH ZHDWKHU ILOH WKH DFFXUDF\ RI WKH
VLPXODWLRQDQDO\VLVPD\EHHQKDQFHG)RULQVWDQFHDW
WKH FDOLEUDWLRQ VWDJH RI D VLPXODWLRQ DQDO\VLV WKH
HUURUVUHYHDOHGE\WKHZHDWKHUILOHZLOOEHHOLPLQDWHG
UHVXOWLQJWRDYDOLGDWHGVLPXODWLRQPRGHO
 &RQVHTXHQWO\ WKH SURFHGXUH WR DVVLJQ
ZHLJKWLQJ IDFWRUV ZLOO EH ZLVH WR GULYHQ E\ WKH
LQWHQGHG DSSOLFDWLRQ RI WKH 70< DQG WKXV WKH
HQKDQFHPHQW RI WKH DFFXUDF\ LQ WKH EXLOGLQJ
VLPXODWLRQVWXGLHV
5()(5(1&(6
$UJLULRX $ 6 /\NRXGLV 6 .RQWR\LDQQLGLV &$
%DODUDV ' $VLPDNRSRXORV 0 3HWUDNLV
DQ  3.DVVRPHQRV  ³&RPSDULVRQ RI
0HWKRGRORJLHV IRU 7P\ *HQHUDWLRQ 8VLQJ
 <HDUV 'DWD IRU $WKHQV *UHH H´ 6RODU
(QHUJ\±
%HUJH\  ³%HUJH\ :LQ 3RZHU´ &RPPHULDO 
([FHON:KWWSEHUJH\FRPSURGXFWV
&KDQ$SSOH/677&KRZ6TXDUH.))RQJDQG
-RKQ=/LQ³*HQHUDWLRQRID7\SLDO 
0HWHRURORJLDO <HDU IRU +RQJ .RQJ´
(QHUJ\&RQYHUVLRQDQG0DQDJHPHQW
±
&KHQ+DQ '(&ODUL JH³3URH  XUHVIRU
)LOOLQJ 6KRUW *DSV LQ (QHUJ\ 8VH DQG
:HDWKHU 'DWD´ Q WK 6\PSRVLXP RQ
,PSURYLQJ %XLOGLQJ 6\VWHPV LQ +RW DQG
+XPLG &OLPDWHV ± 6DQ $QWRQLR
(QHUJ\6\VWHPV/DERUDWRU\	7H[DV$	0
8QLYHUVLW\
&<67$7&RQVWUXFWLRQDQG+RXVLQJ6WDWLVWLFV
'XIILH - $ DQG : $ %HFNPDQ  6RODU
(QJLQHHULQJRI7KHUPDO3URFHVVHV:LOH\
( UDKLPSRXU$DQ 00DHUHIDW³$0HWKR 
IRU *HQHUDWLRQ RI 7\SLFDO 0HWHRURORJLFDO
<HDU´(QHUJ\&RQYHUVLRQDQG0DQDJHPHQW
±
,-+DOO553UDLULH$QGHUVRQ+(DQG%RHV(&
*HQHUDWLRQRI7\SLFDO0HWHRURORJLFDO
<HDUV IRU  62/0(7 6WDWLRQV
&RQIHUHQFH(YHQW 6DQGLD /DERUDWRULHV
86$
-DQMDL 6 DQG 3 'HH\DL  ³&RPSDULVRQ RI
0HWKRGV IRU *HQHUDWLQJ 7\SLFDO
0HWHRURORJLFDO <HDU 8VLQJ 0HWHRURORJLFDO
'DWDIURPD7URSLDO (QYLURQPHQW´$SSOLHG
(QHUJ\±
/HYHUPRUH*-DQG-%3DUNLQVRQ³$QDO\VHV
DQG $OJRULWKPV IRU 1HZ 7HVW 5HIHUHQFH
<HDUV DQG 'HVLJQ 6XPPHU <HDUV IRU WKH
8.´ %XLOGLQJ 6HUYLFHV (QJLQHHULQJ
5HVHDUFKDQG7HFKQRORJ\
0DULRQ:DQG.8UEDQ8VHU¶V0DQXDOIRU
70<V 7\SLFDO 0HWHRURORJLFDO <HDUV
&RORUDGR 1DWLRQDO 5HQHZDEOH (QHUJ\
/DERUDWRU\15(/
0DUN / DQG - -ROOH\  5HVHDUFK 'HVLJQ
([SODLQHGWKHG&HQJDJH/HDUQLQJ
0HW'HSKWWSZZZPRDJRYF\PV
'H0LJXHO$DQG-%LOEDR³7HVW5HIHUHQH 
<HDU *HQHUDWLRQ IURP 0HWHRURORJLFDO DQG
6LPXODWH  6RODU 5D LDWLRQ 'DWD´ 6RODU
(QHUJ\±
12$$KWWSZZZQFGFQRDDJRY&'2FGR
3HWUDNLV 0 +' .DPEH]LGLV 6 /\NRXGLV $'
$GDPRSRXORV 3 .DVVRPHQRV ,0
0LFKDHOLGHV 6$ .DORJLURX * 5RGLWLV ,
&KU\VLV DQG $ +DGMLJLDQQL 
³*HQHUDWLRQ RI D 7\SLFDO 0HWHRURORJLFDO
<HDU¶ IRU 1LR VLD &\SUXV´ 5HQHZDEOH
(QHUJ\±
3LVVLPDQLV ' * .DUUDV 9 1RWDULGRX DQG .
*DYUD  ³7KH*HQHUDWLRQRI D µW\SLDO 
0HWHRURORJLDO <HDU¶ IRU WKH &LW\ RI
$WKHQV´6RODU(QHUJ\±
6DZDTHG 1 0 <+ =XULJDW DQG + $O+LQDL
 ³$ 6WHSE\VWHS $SSOLFDWLRQ RI
6DQGLD 0HWKRG LQ 'HYHORSLQJ 7\SLFDO
0HWHRURORJLFDO <HDUV IRU 'LIIHUHQW
/RFDWLRQV LQ 2PDQ´ ,QWHUQDWLRQDO -RXUQDO
RI(QHUJ\5HVHDUFK
6IHWVRV $  ³$ &RPSDULVRQ RI 9DULRXV
)RUHFDVWLQJ 7HFKQLTXHV $SSOLHG WR 0HDQ
+RXUO\ :LQ  6SHH  7LPH 6HULHV´
5HQHZDEOH(QHUJ\
6NHLNHU.³&RPSDULVRQRI0HWKR RORJLHVIRU
70<*HQHUDWLRQ 8VLQJ  <HDUV 'DWD IRU
'DPDV XV 6\ULD´ (QHUJ\ &RQYHUVLRQ DQG
0DQDJHPHQW±
6NHLNHU . DQ  % $ *KDQL  ³$ 6RIWZDUH
7RRO IRU WKH &UHDWLRQ RI D 7\SLFDO
0HWHRURORJLDO <HDU´ 5HQHZDEOH (QHUJ\
±
6RODU*,6KWWSVRODUJLVLQIR
:LWWHQ ,+ DQG ( )UDQN  'DWD 0LQLQJ
3UDFWLFDO 0DFKLQH /HDUQLQJ 7RROV DQG
7HFKQLTXHVZLWK-DYD,PSOHPHQWDWLRQV6DQ
'LHJR86$$FDGHPLF3UHVV

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